The article deals with the question of physical parameters that could positively influence the overall lifetime of hip joint endoprosthesis. As the important physical parameter it was selected the coefficient of friction. The contribution offers possibilities how to decrease the coefficient of friction and experimentally test these assumptions.
INTRODUCTION
The endoprosthesis of the hip joint belongs to the ball and socket joints and is composed from two main parts (figure 1): stem with head and socket cup with pad. The material used for endoprosthesis is most often for the head, stem: steel, ceramics and for the socket pad: polyethylene. The average lifetime of endoprosthesis of hip joint is up to 20 years and in the last 5 years of Slovak orthopedic experiences was the youngest patient at the age of 18 years old. The overcome lifetime of endoprosthesis influences in pain and malfunction of endoprosthesis. The only solution is revision operation with risk of biotoleration and fault of operator. Moreover the number of revision operations is limited by length of femur bone. From this follows that the main problem of endoprosthesis of hip joint with respect to the average length of life and age of patients is lifetime. [7] Figure 2. Prove of fault of endoprosthesis [5] , [6] The average lifetime is influenced by two groups of factors. The first group could be called group of physical factors. To this group belongs f.e. wear and coefficient of friction. The second group comprises the human factors as weight, lifestyle and fault of operator, which could not be directly affected from position of research. This article would concern on the first group of factors-physical factors. Physical factors that influence the lifetime are hardly visible until they cause the fault of endoprosthesis. After releasing the damaged endoprosthesis from human body we could observe the degradation and damage of the socket of the endoprosthesis (figure 2). The damage of head of the endoprosthesis is visible only under the microscope. The reason of the massive damage of the socket cup is caused by the softer material as it is used for head. The damage of the socket cup is continuous and reflects from the direct contact of the material of the head and socket cup. This direct contact means dry friction, followed by wear of used material. Although the new technologies and coefficient of friction on very low value 0,3, the existence of dry friction increases the coefficient of friction 10 times higher as it is in the healthy joint. The dry friction and higher coefficient of friction means wear particles that causes painful infection, however what is more important the luxation-releasing of components of endoprosthesis.
Figure 1. Composition of endoprosthesis
The amount of wear [1] , [2] , [3] is from the measurements done on endoprosthesis of Czech producer BEZNOSKA in the range 100-200 μm according to the size of the head. The wear particles in the endoprotethic pair steel (head) -polyethylene (socket cup) comprises of 80% of polyethylene particles of non specific shape and 20% of steel particles of round shape. The maximum size of one particle was 1 μm and the gap has overall thickness 30-100 μm. The gap is bounded by naturally produced membrane as it is in healthy joint. From these assumptions comes the aim of this article to detect factors that could influence the coefficient of friction between head and socket of the endoprosthesis.
Coefficient of friction in hip joint and its endoprosthesis
The coefficient of friction in healthy joint is reaching maximum value 0,03. This low value is measured thanks to the lubrication layer between head and socket that is missing in the endoprosthesis. The lubrication in the ball and socket joint is according to [8] determined by Navier-Stokes equation that describes the equilibrium between mass, pressure and viscose forces:
If we have a closer look on the geometry and types of motion in the hip joint we could define the flow as spherical Couette flow of two axissymetrical balls from which one is static ( figure 3) . Consequently the equations determining the flow of lubricant in joint are following [9] :
The velocity of fluid flow in height z:
For the annular gap s it is valid for flow:
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Vol. 22, 2014, pp.14-19, DOI:10.2478/stu-2014-0003 The applied loading (walking, running, etc.) on the joint is spread alongside the layer of the lubricant, however according to the Wierzcholski [4] here are two main directions that are loaded at most. It is circumferential and meriadian direction (figure 4) and effect of walk to the coefficient of friction in healthy joint is visible in figure 5 . From figure 5 we could see, that the highest values are obtained in circumferential direction, and the maximum value was 0,016 in comparison with endoprosthesis where the values are more than 10 times higher (figure 6). The figure 6 represents results from the measurements [2] of coefficient of friction for different materials during walking. The minimum value of coefficient of friction with dry friction was for the zephyr head which is not spread in praxis. From this measurement comes conclusion that change of material is important parameter when it comes to coefficient of friction. However even thought these results, the coefficient of friction has still high values in comparison with healthy joint.
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The main difference between all types of used hip joint endoprosthesis and healthy human hip joint is lubrication [ 11] , [12] , [13] , [14] . As it was noted before the healthy joint has lubrication layer between head and socket and this layer secures low values of coefficient of friction. The lubricant is called synovial fluid and it is natrium solution of hyaluronic acid. This lubricant has excellent properties and could act as lubricant as well as as damper. Its properties do not depend on temperature and pressure and it is dependent only on shear rate. As the solution of hyaluronic acid is used for viscosuplementation (injection of lubricant into the arthritic joints), we have decided to test the effect and properties of solution of hyaluronic acid in endoprosthesis-to test and compare value of coefficient of friction for dry friction and lubrication with solution of hyaluronic acid.
Experiment
In the experiment we have tested the effect of lubrication on coefficient of friction. As the endoprothetic material it was selected one of most often used types from Czech company BEZNOSKA, cemented hip joint Poldi with steel head and polyethylene socket pad modified for loading only in sagital plane (the stem and head are in one axis, figure 7) . The material pair determines the thickness of the lubricant layer to range 30-100 μm.
Figure 7. Tested endoprosthesis and stand for testing endoprosthesis with detail
The coefficient of friction was computed from change of the moment captured by strain gages (equations 4 and 5). Strain gages were fixed on the narrowed neck of the endoprosthesis under the head (figure 7). As we have been measuring moment only in sagital plane it was sufficient to use two one-axis linear strain gages-producer HBM. The output from strain gages was captured through QuantumX MX1615-strain gauge bridge amplifier produced by HBM and processed in two softwares CATMAN easy (software delivered with QuantumX MX1615) and MATLAB. The loading of the endoprosthesis represented walking, according to the ISO 14242 ( fig. 8 and 9 ), which is characterized by steps with 2 phases: contact phase when foot is in touch with groundstance phase, this phase takes 60% of time and the maximum value is 3500N. The second phaseswing phase takes 40% of cycle and it is representing the time when the feet is not in contact with ground so called swing phase and endoprosthesis is loaded with its own pretension 300N. This cycle and loading is represented by ISO 14242, that determine the loading of testing machines of endoprosthesis of hip joint. The loading cycles are shown on figure 8 horizontal loadingswinging angle of moving head to the static cup and figure 9-vertical loading determining the load during stance phace (3500N) and swing phase (300N).
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Vol. 22, 2014, pp.14-19, DOI:10.2478/stu-2014-0003 The force and motional system was set up on the measuring stand by hydraulic components from company FESTO Slovakia s.r.o. and demanded limits according to the standarts ISO14242 are set by the sensors: load cell (shows vertical loading-force), displacement sensor and magnetic sensor of position on the valve. As it was published [12] consequently with corespondance to figure 7 the coefficient of friction is determined through following equations (4) and (5) The results from measurement-loading cycle and output from strain gages computed from equations (4) abd (5) are shown in figure 10-11. Figure 10 represents endpoprosthesis with added lubricant and figure 11 without lubricant-dry friction. From this figures it is clear that lubrication decrease the coefficient of friction in the endoprosthesis to the values in healthy joint. Table 1 shows results of measurement in maximum and mean values. 
CONCLUSION
The article was dealing with problematic of lifetime of endoprosthesis. As the most important factor it was selected the coefficient of friction. It was compared the coefficient of friction in healthy hip joint and in endoprosthesis. As the reason of different coefficient it was noted lubrication. Following the experiment it was tested the additive lubrication layer and from results follows that additive lubrication in endoprosthesis decrease the coefficient of friction to the values in healthy joint.
